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INTRODUCTION 13
The security of water is the basic requirement and important to health for human. More and more 14 sources of fresh water such as rivers and ground water have been polluted by human activities. Among 15 all of the contaminants in water, lead is one of the most serious polluted components which must be 16 controlled below the maximum limits (Saleh & Gupta, 2012) . It tends to generate bioaccumulation 17 effect in living systems and cause nervous disease to offspring (Tiwari & Tripathi, 2012) . Copper is a 18 common kind of heavy metal that has been widely used for productions in many industries. The large 19 amount of copper-based wastes from different processes would release into water which would cause 20 serious pollution. Therefore, the treatment of lead and copper ions from water is significant to ensure 21 the quality of drinking water. 22
The Algae are available in fresh water and seawater; they could be found almost everywhere in water 23 environment systems. The algae have larger surface area with high binding affinity than other materials 24 (Sari & Tuzen, 2008) . Thus, algae become cost-effective materials for removal of toxic compounds. 25
Among different kinds of algae biomass, the dry brown marine algal biomass has been considered one 26 of the potential biomass materials for removing toxic metals. The nature of the adsorption of heavy 27 metals is that the special structures of cell wall in algal biomass which contains many functional groups 28 such as carboxyl, amino, hydroxyl and sulphate that can bind heavy metal at a certain pH value (Gupta 29 & Rastogi, 2008) . 30
In this project, the aim is to investigate the capacity of algal adsorption for the two target metal ions for 31 drinking water. The adsorption effect of lead and copper would be examined with different parameters 32 such as pH, equilibrium time and the initial concentration of metal ions. The equilibrium adsorption data 33 would be evaluated with kinetic model and Langmuir isotherm model. 34
MATERIALS AND METHODS 35

Biomass Preparation 36
A 2 % solution of Alginic acid sodium salt from brown algae (Sigma) was dripped into 0.05 mol/L 37 CaCl 2 solution with the gentle magnetic stirring to form calcium alginate beads. In order to stabilize the 38 beads, the Ca-alginate beads in CaCl 2 solution would be stored in a fridge at 4 °C for 24 h. Then the 39 beads were filtered and washed several times with deionized water to remove the excess CaCl 2 solution. 40
Finally, the beads were dried in an oven at 50 °C for 24 h to form the dry Ca-alginate beads which 41 would be used as biomass materials in the experiments. The dry beads would be stored in a clean and 42 dry bottle for further experiments. 43 The percentage of metal adsorption on Ca-alginate beads was calculated as the equation below: 59
Reagents and Equipments 44
Where, C i is the initial concentration of metal; C f is the final concentration of the metal. 61
Effect of Multiple Adsorption 62
In order to study the metal adsorption on Ca-alginate beads, the multiple adsorptions for lead and copper 63 were carried out under pH of 4 and 6. The initial concentration of the lead and copper solution used in 64 this experiment was respectively 25 mg/L, 50 mg/L and 100 mg/L. 50 mL of the mixing solution with4 the same initial concentration of lead and copper solution and 0.1 g Ca-alginate beads were tested under 66 the rotary shaker at 140 rpm for 2 h. Then the solution and beads would be filtered and the filtrate was 67 prepared to measure the concentration with FAAS. The percentage of multiple adsorptions would be 68 calculated as well. 69
Equilibrium Experiments 70
In equilibrium experiments, all of the solution samples were adjusted to optimum pH of 4. The solution 71 samples for lead and copper were respectively diluted to different concentration from 10 mg/L to 400 72 mg/L. 50 mL of solution sample and 0.1 g Ca-alginate dry beads were tested under the rotary shaker at 73 140 rpm for different contact time from 30 minutes to 48 h. The equilibrium time would be determined 74 from FAAS according to the results of solution concentration before and after experiment. The kinetic 75 models and Langmuir isotherm models for lead and copper adsorptions would be discussed in details in 76 following sections. 77
DISCUSSION 78
Characterization of Ca-alginate Beads 79
The weight measurement showed that the wet beads contained about 95% w/w water. The density for 80 wet beads was 0.9512 g/cm 3 . The particle sizes were determined by a sieving mesh system. The 81 diameter for most wet beads was in the range of 4mm, while the dry beads showed the maximum 82 diameter of 2 mm. It was shown that the volume of the beads after drying decrease rapidly. Even though 83 the porosity of the two types of beads were not examined, the previous study showed that wet beads 84 were with little pores while the dry beads were with a large ratio of porosity and the roughness of the 85 dry beads increased the surface area which were valuable for binding heavy metal ions. The carboxyl groups, the main functional groups on Ca-alginate beads were dependent on pH values. 96
Moreover, the initial pH would affect the mechanism of metal chemistry and the functional groups on 97 alginate materials. The surface of Ca-alginate beads were positively charged under low pH so that the 98 metal ions were not able to bind to functional groups on alginate biomass due to the competition 99 between hydrogen ions and the metal ions. With the increasing of pH, more ligands with binding sites 100 on the surfaces of beads particles released, as the surface of the particles were negatively charged and 101 the metal ions would be able to bind the functional groups on the bead particles. Therefore, the optimum 102 functional groups preferred to lead ions. The lead ions could be able to bind with carboxyl groups that 117 offered negatively charged sites and coordinative interaction better, these ions tended to have more 118 affinity to the functional groups on alginate beads. Meanwhile, the lead ions had larger radii than that of 119 copper ions (Chong & Volesky, 1995) . The ions with large radii in the "egg box" would be stable. The 120 other properties such as the softness of the ions and electron negativity, electrode potentials for various 121 ions also could contribute to the competition for multiple metal adsorptions (Yun, 2004) . Where, q t (mg/g) is the amount of adsorption at a given time t (h); q e (mg/g) is the amount of adsorption 138 at equilibrium time; k 2 (g/mg h) is the rate constant of pseudo-second-order kinetic equation. 139
According to the results in Table 3 .1, the correlation coefficients for both lead and copper solutions 140 indicated that the pseudo-second-order model could fit the concentration of lead and copper solutions 141 well. With the increasing of the initial concentration, the rate constants for lead adsorption were from 142 0.206 to 0.005 g/mg h while the constants for copper adsorption were from 0.119 to 0.022 g/mg h. It 143 was found that with the increasing of concentration, the rate constants decreased evidently. The rate 144 constants for lead adsorption were generally higher than that of copper adsorption. This result indicated 145 that the Ca-alginate beads would bind with lead ions faster. However, when the capacity of adsorption 146 was reached, the rate of adsorption would decrease seriously. According to previous studies, the results 147 of rate constant in this experiment were not comparable with some results from previous studies (Deng 148 et al., 2006) . The main reason was the various experiment conditions, including different temperature, 149 beads dosage, equilibrium time, and initial concentrations for different metal ions. 150 
Equilibrium Isotherm Models 152
The Langmuir isotherm was a widely used model to test the capacity of the biosorbents to heavy metals. 153
The assumption of Langmuir model was that the rate of occurring metal adsorption at each binding sites 154 of the beads was equal to each other. The linear equation for Langmuir isotherm model was represented 155 as: 156
Eq. 3.2 157
Where, is the equilibrium concentration for metal ion on the Ca-alginate beads (mg/g); is the 158 equilibrium concentration for metal ion in the solution (mg/L); is the maximum adsorption capacity 159 for the calcium alginate beads (mg/g); is the Langmuir adsorption constant (L/mg). 160
The correlation coefficients for lead and copper adsorptions were 0.960 and 0.989 respectively which 161 indicated the Langmuir models would fit the data well. The maximum capacities for adsorptions were 162 250 mg/g and 62.5 mg/g for lead and copper respectively. According to the intercepts of the equations, 163 the equilibrium constants would be determined and the values were 1.3×10 -1 L/mg for lead adsorption 164 and K L 1.7×10 -2 L/mg for copper adsorption. The constants were related to the affinity of binding sites 165 (Deng et al., 2006) . The capacity of adsorption for lead was evidently higher than that of copper 166 adsorption. The adsorption capacity order was: Pb > Cu. Ce (mg/L)
